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Gossypol is polyphenolic aldehyde, a toxic substance naturally present in cotton plant to protect it from 
insects, pests and diseases. Maximum gossypol is concentrated in the seed. After extraction of oil from 
the cottonseed, the defatted cottonseed meal which contains both the gossypol and proteinous matter is 
left behind. A number of attempts have been made using different solvents to extract gossypol from the 
seeds. However, all these efforts have remained in the realm of academic activity only as none of them 
could be commercialized. If a pilot plant or commercial scale plant is to be developed then the data on 
the kinetics and thermodynamics of the extraction process is required. In this study ethanol has been used 
as the solvent at temperature below 323K for removal of gossypol from the defatted seed. This study 
fi nds the effects of parameters viz. temperature, solvent to solid ratio (SR) and extraction time on the 
gossypol extraction effi ciency. The data obtained are used to establish the kinetics and thermodynamics 
of the extraction process. 
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INTRODUCTION

Gossypol (C30H30O8), polyphenolic aldehyde, a yellow 
pigment present in cotton plant (Gossypium Species) in 
the form of small discrete structures called pigment glands 
of size 50–400 microns1 is a highly toxic substance. It is 
distributed in all parts of the cotton plant and works as 
a natural defense system for the cotton plant due to its 
toxicity. Cottonseed is found to contain the maximum 
gossypol, varying from traces to 6% depending upon 
the plant species, variety and environmental factors like 
climate, soil type and fertilizer2. Gossypol is present in 
the free form while being in the gland but as soon as 
these glands are ruptured, gossypol forms a complex 
with the proteinous part of the seed that results in a 
non toxic bound gossypol3. 

In spite of its toxicity, gossypol is a valuable substance 
and has gained importance due to its diversifi ed uses. 
Starting from 1861 excellent use of gossypol and its 
brightly colored derivatives have been tried as fabric 
dyes4. Subsequently, gossypol was reported to be one of 
the strongest antioxidants found in nature. The Japanese 
reported on its use as a stabilizer for vitamin A in the 
products5. Researchers in the USSR found gossypol to be 
an effective antioxidant-stabilizer for PVC, polypropylene, 
in cement mixtures for road foundations to increase the 
life of the road and cold resistance and to decrease water 
absorption. There are a variety of uses of gossypol as 
an antioxidant in the petroleum and rubber industry6,7. 
Gossypol has numerous medicinal applications viz. male 
contraceptive, to promote or assist menstrual fl ow, to 
prevent hemorrhaging to stimulate menstrual fl ow and 
make child birth easier8, as antimicrobial compound and 
effective in wound healing9, for the treatment of scalp 
infection, dysentery, gonorrhea and to inhibit replication 
of the HIV-1 virus10. Recently, a new use of gossypol as 
an anticancer drug11, pesticide for the control of urban 
and agricultural pests12, has been reported. 

Gossypol can be extracted from cottonseed or other 

parts of the cotton plant by the solvent extraction pro-
cess. The choice of solvent is based on the solubility 
of gossypol in the selected solvent, cost and safety. In 
the case of gossypol extraction from the cottonseed, 
the selection of solvent is also done on the basis of its 
working effi ciency at low temperature (below 323K) in 
order to prevent gossypol deactivation by complexing 
with the protein part (lysine) present in the seed. Con-
siderable work has been reported using solvents ethyl 
ether13, hexane14,15, acetone16,17, methyl ethyl ketone and 
phosphoric acid mixture18, isopropanol19, acetone/hexane 
mixture20, isopropyl alcohol and hexane mixture15, water 
mixture with butanone, trichloroethylene, perchloroeth-
ylene21 for the separation of gossypol from the cotton 
seed. Junfung (2010)22 has reported on the simultane-
ous extraction of oil and gossypol using the mixture of 
methanol and hexane. 

Recently, the use of alcohols has been gaining im-
portance as the extraction solvent due to two reasons. 
Firstly, their higher threshold limit in the environment 
and secondly the residual solvent toxicity in the seed 
meal after gossypol extraction. Bhowmick (2003)19 used 
isopropanol due to the higher solvency of gossypol in it. 
In the alcohol series, ethanol is the safest solvent and is 
placed in the category of GRAS (generally recognized as 
safe). Hron et al. (1994)23 have reported the extraction 
of at least 50% of total gossypol from the cottonseed at 
low temperature (298–308K). Further, it was reported 
that at higher temperature the extraction of gossypol was 
not possible as it combines with protein present in the 
cottonseed. No detailed data regarding gossypol extrac-
tion from cottonseed with ethanol has been reported. 
The effi ciency of gossypol extraction depends upon the 
preparation of the seed prior to the extraction. These 
parameters include particle size, temperature, mode 
of operation (batch or continuous and co-current or 
counter-current operations) and other parameters like 
temperature, solvent to solid ratio, extraction time. 
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The present study involves the use of pure ethanol 
for the extraction of gossypol from the cottonseed at 
temperature less than 323K to explore the possibility 
of improving the extraction effi ciency of gossypol. This 
may also have added advantage of getting a good qual-
ity of cake suitable for food/ feed. This paper discusses 
the effect of parameters viz. temperature, solvent to 
solid ratio and extraction time on extraction effi ciency 
of gossypol. The data obtained are used to establish the 
kinetics and thermodynamics of the extraction process.

MATERIALS AND METHODS:

Cotton seed
Acid delinted cottonseed (Gossypium Hirsutum) va-

riety P8-6, procured from Indian Agricultural Research 
Institute, Pusa, New Delhi was used in this study. The 
seeds were dehulled and ground in the laboratory with 
the help of a mixer grinder. The dehulled seeds were 
dried in the vacuum oven at 318K and segregated with 
14mesh standard sieve to have avg. particle size of 
0.60mm. The dehulled seeds had fat content 36.875% 
on the moisture free basis.  

Solvents
The laboratory reagent grade hexane and ethanol sup-

plied by Fisher, India were used to de-fat the seeds and 
gossypol extraction respectively. Ethanol was redistilled 
before putting into actual use.                                                      

Oil extraction
The purpose of this step was to de-fat the seeds. The 

seed in the batch of 50gm were mixed with 500ml N-
Hexane using a sealed air tight container and kept in a 
shaking incubator maintained at 308K for 60minutes to 
extract oil. The supernatant liquid was separated from 
the solid seed and tested for oil content as per method 
described in literature24. The procedure was repeated 
seven times for maximum oil removal. The total ex-
traction of oil by the end of 7th extraction was 99.7%. 
After the 7th extraction the solid seeds were kept in the 
vacuum oven at 308K, 700 mmHg vacuum overnight for 
the removal of N-hexane. Gossypol in the defatted seed 
was found to be 1.95%. The defatted seeds (DFS) were 
used for gossypol extraction. 

Gossypol testing
The total gossypol content in the seed sample was de-

termined according to the standard method described in 
Appendix A & B of IS: 4874-1968 of Bureau of Indian 
Standards using ECIL make double beam UV-Visible 
spectrophotometer, model UV5704SS at 440nm (IS: 
4874-1968). The method involves development of the 
colored complex of gossypol with neutralized 3-amino-
1-propanol in dimethyl formamide.  

Batch studies
The objective of the batch study was to fi nd the global 

kinetic of extraction and to analyze the infl uences of the 
operating parameters. The weighed quantity of the DFS 
samples were taken in six 30 ml capacity bottles along 
with the required quantity of the solvent and kept at a 
desired constant temperature, in shaking incubator to 

attain uniform temperature. The measured quantity of 
the solvent was poured in the bottles containing DFS 
for the extraction of gossypol. The bottles were closed 
air tight and kept immediately in the shaking incubator. 
The study was conducted for a period of three hours 
and the samples were drawn after a period of 5, 10, 30, 
60, 120 and 180 minutes. One bottle was taken out after 
the specifi ed time period. The solid was separated by 
fi ltration under vacuum, dried and tested for residual 
gossypol content in the DFS. Gossypol concentration 
in liquid was determined by mass balance using the 
following relation

 (1)
Where Ct= gossypol concentration in ethanol at any 
time t (mg/ml)
Co= gossypol content in DFS initially (mg/mg)
Cs= gossypol content in DFS at any time t (mg/mg)
F = wt of solid sample taken for extraction (mg)
V = volume of ethanol used for extraction (ml)

RESULTS AND DISCUSSION

Effect of solvent to solid ratio
Three solid to the solvent ratios (SR) i.e. 5, 10 and 

15 were tried for 3.0 hours during the study at tempera-
tures of 288, 298, 308 and 318K. The data are shown in 
Figure 1. It may be seen from Figure 1 that increase in 
SR increased the amount of the gossypol extracted. The 
extraction of gossypol at the SR: 5 was 36.45%, and at 
SR: 15 extraction of was 55.08%. The lower gossypol 
extraction at the SR: 5 can be explained by the fact 
that the solubility of gossypol in ethanol may restrict the 
gossypol extraction from the DFS near the saturation 
point of oil in ethanol.

Effect of extraction temperature 
The increase in temperature has a direct effect on the 

amount of gossypol extracted as is shown in Figure 1. It 
may be seen from Figure 1 that the amount of gossypol 
extracted increased from 19.41%  to 42.19% by increas-
ing the extraction temperature from 288K to 318K at a 
Solvent ratio of 5 by extraction with ethanol. With the 
SR: 10 the maximum extraction at 288 and 318K were 
25.22% and 55.44%. With the SR: 15 the maximum 
extraction at 288 and 318K were 34.98% and 61.55%.  
This increase may be due to increase in gossypol solubility 

Figure 1. Effect of SR on Gossypol Extraction at Various 
Temperatures from DFS
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in the ethanol at a higher temperature and a decrease 
in viscosity of the solution resulting in lower diffusion 
resistance in the pores of the DFS.

Effect of extraction time
Time is an important parameter for any extraction 

process for the optimum utilization of the process plant 
and machinery. Thus the effect of the extraction time was 
studied and the results are shown in Figure: 2 for SR: 
15 at various temperatures. It can be seen from Figure: 
2 that the extraction rate was rapid at the beginning of 
the period and became very slow at the end for all the 
temperatures. It was found that more than 90% of the 
maximum gossypol was extracted in about 1.0 hour at 
a particular temperature. The initial fast extraction of 
alcohol soluble gossypol can be attributed to  the disso-
lution of freely available glands and the driving force of 
the fresh solvent. Later the slow rate can be attributed 
to a slow diffusion of gossypol from the solid surface 
surrounding the gossypol glands and also reduction in 
the driving force of the solvent due to equilibrium or the 
solubility limit of gossypol at a particular temperature. 

 (3)
Now, when t → 0, the LHS of Equation (3) will be 

initial extraction rate, Ei, and denominator of RHS will 
approach, thus Equation (3) reduces to 

 (4)
Thus Equation (3) and Equation (4) after rearrange-

ment yield the following linear form

  (5)
The initial extraction rate, Ei, the concentration of 

solute in the solution at equilibrium, Ce and the second 
order extraction constant, k, can be calculated from the 
experimental data by plotting t/Ct vs. t. 

The experimental data upon regression yielded kinetics 
coeffi cient, k. The estimated results of gossypol extraction 
by ethanol from DSM at SR: 5 to 15 and temperature 
from 288 to 318K are given in Table 1. The results show 
that for all the cases the value of the regression coef-
fi cient (R2) lies between 0.978–0.999. This indicates that 
the data are well described by the second order kinetics. 
The agreement of the second order extraction model 
with the experimental results confi rm the assumptions 
that initially there is intense dissolution and scrubbing 
of gossypol from the freely available glands in which 
maximum leaching takes place. The later slower stage 
occurs due to high diffusion resistance offered by the 
solid surrounding the glands and the external diffusion, 
which is related to the solubility of remainder gossypol 
in solvent. The variation of the initial extraction rate, 
Ei, is given in Table 1

It can be seen from Table 1 that the initial rate of 
extraction is not appreciably affected by SR but is largely 
affected by temperature and increases with an increase 
in temperature at all SR. The average value of the 
initial extraction rate was found to vary from 0.029 to 
0.211 mg/ml-min as temperature increased from 288 K 
to 318 K. For Ei and Ce Table Curve 3D v 4.0 software 
was used to describe the dependency of Ei and Ce on 
temperature(T) and SR(S). The kinetics results were 
further used to determine the coeffi cient of empirical 
Equations. The following equations were found to be 
the most appropriate for the calculation of Ei and Ce. 
 Ei = a +bT + c T2 (6)
Ce = e + f S + g T + h S2 + i T2 + j S T (7)

The values of the coeffi cients of empirical equations 
(6) and (7) obtained from the software are reported 
on in Table 2. 

It was found that the empirical equation (6) and (7) 

Figure 2. Effect of Extraction Time on Gossypol Extraction 
from DFS

KINETICS OF EXTRACTION 

Various studies that describe the mechanism and ki-
netics of the extraction processes have been reported. 
A second order reaction kinetics for the solid-liquid 
extraction process has been proposed by most of the 
researchers25,26,27,28,29,30. It is typical of a second order 
process to take place in two stages. First, the major 
part of the solute gets extracted quickly because of the 
dissolution and scrubbing of the surface solute caused 
by a higher driving force of the fresh solvent and in 
the next stage where the extraction rate is slowed down 
by low diffusion of the remainder solute. The rate of 
the dissolution of the solute into the solution can be 
described by the following second order rate equation:

  (1)
Now considering the initial condition at t = 0, Ct = 0, 

the integrated second-order rate equation for extraction 
can be written as

  (2)
The extraction rate Equation (2) can be rearranged 

and written as follows Figure 3. Predicted kinetics of gossypol extraction from DFS 
by ethanol at SR:5
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are suffi cient to describe the dependencies of Ei and 
Ce on temperature and SR. The kinetics of gossypol 
extraction was used to predict gossypol extraction by 

ethanol from DFS. These predicted results for SR: 5, 
10 and 15 are shown in Figures: 3 to 5. These fi gures 
show that the predicted results are in good agreement 
with the experimental data.

THERMODYNAMICS

Thermodynamic considerations of the extraction 
process are necessary to conclude whether the process 
is spontaneous or not. The Gibbs free energy change 
(ΔGo) is an indication of  the spontaneity of a chemi-
cal reaction and therefore is an important criterion for 
spontaneity. Reactions occur spontaneously at a given 
temperature if ΔGo is a negative quantity. The Gibbs 
free energy (ΔGo), enthalpy change (ΔHo) and entropy 
change (ΔSo) are calculated using the following equations 

 (9)
 (10)

 (11)
Where Cse is a concentration of Gossypol in the solid 
phase at equilibrium and could be obtained by material 
balance using Equation 1. R is the ideal gas constant 
(8.314 J mol−1 K−1), and T is the temperature (K). Eq. 
11 is a Van’t Hoff relation and Plot of lnKe vs l/T is used 
to fi nd the values of ΔHo and ΔSo from the slope and the 
intercept. ΔGo and ΔHo are in J/mol, ΔSo is in J/mol K.

The values of Ke, ΔGo, ΔHo and ΔSo for the extraction 
of Gossypol using ethanol were calculated using Eqs. 
(9) to (11) are given in Tables 2. The values of ΔGo 
calculated were found negative for gossypol extraction 
from the defatted cottonseed at all solid to solvent ratio 
and decreases from -8376.47 to -12125.9 J/mol at SR=5 
, from -7557.17 to -11626.8J/mol at SR=10 and from 
-7727.85 to -11253.8J/mol at SR=15 with increase in 
temperature from 288 to 318K. The negative value for 
the Gibbs free energy for gossypol extraction from the 
defatted cottonseed confi rms that the process is feasible 
and spontaneous and that the degree of spontaneity of 
the extraction increases with increasing the temperature 
as ΔGo becomes more negative. The decrease in the 
negative value of ΔGo with an increase in temperature 

Table 1. The kinetics parameters of gossypol extraction from DFS by ethanol

Table 2. The values of the constants for the empirical relations 
of Ei and Ce for gossypol extraction

Figure 4. Predicted kinetics of gossypol extraction from DFS 
by ethanol at SR:10

Figure 5. Predicted kinetics of gossypol extraction from DFS 
by ethanol at SR:15
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indicates that the gossypol extraction from the cottonseed 
becomes more favorable at higher temperatures. The 
values of ΔHo calculated from the plot of lnKe versus 
1/T (Table 3) were in the range 27749.64 to 32630.78J/
mol. The value of ΔHo was positive, indicating that the 
extraction is endothermic requires energy during the 
process. The positive value of entropy indicates that the 
process is irreversible. 

CONCLUSION

The results indicate that about 61.55% gossypol can be 
removed by pure ethanol from the defatted cottonseed 
meal at 318K, with the solvent to solid ratio of 15 and  
PS: 0.6mm After the removal of the gossypol from the 
cottonseed, the seed meal can be mixed in the cattle 
feed in much higher proportions. The cottonseed meal 
can also be used in food preparations by blending with 
cereals in such proportions that the free gossypol content 
is restricted within the safe limit of 450 ppm as per FDA. 
The removed gossypol can be further concentrated to 
fetch higher price due to its diversifi ed use in medicinal, 
insecticide, pharmaceutical and plastic industry. The ex-
perimental data were analysed to understand the kinetics 
and thermodynamics of the gossypol extraction process 
so that a commercial scale unit may be developed. The 
results indicate that the extraction process follows the 
second order kinetics and the extraction process is en-
dothermic, irreversible and spontaneous. 
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